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1
POWER SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to power semiconductor
devices having a MOS-gate-metal-oxide semiconductor
gate-structure, especially to an insulated gate bipolar transis-
tor used 1n devices such as invertors that transform or control
clectric power.

2. Description of the Related Art

In recent years, isulated gate bipolar transistors (herein-
alter referred as IGBTs) are utilized, in many cases, as power
semiconductor devices including invertors that transform or
control electric power. Also, IGBTs are required to obtain
larger current capacity (higher withstand voltage) and higher
reliability.

FI1G. 7 1s a plane view of an IGBT-chip that 1s 1llustrated in
Patent Document 1, for example. In the IGBT-chip 50 1llus-
trated 1n FI1G. 7, anumeral ‘51’ represents an emitter electrode
(a first main electrode); *32°, a gate pad formed at a concave
portion that 1s provided on a peripheral portion of the emaitter
clectrode 51; °53°, gate wiring that extends from the gate pad
52 and 1s provided on peripheral surface of the emitter elec-
trode 51 and on the inner surface; thereot so as to divide the
emitter electrode 51 1nto strips. IGBT cells 54 having a cel-
lular structure are formed 1n spaces divided by the gate wire
53.

For example, FIG. 8 1s a partially sectional view along Line
A-A ofone of the IGBT cells 54 1n FIG. 7, and shows a cellar
structure of a general planar-gate-type IGBT 1llustrated 1n
Non-Patent Document 1. In FIG. 8, a numeral 55’ represents
a p~ collector layer (a first semiconductor layer of a first
conductivity type) made of a semiconductor substrate; ‘56,
an n* buller layer (a second semiconductor layer of a second
conductivity type) provided on the top side of the p™ collector
layer 55; ‘57°, ann™ layer (a third semiconductor layer of the
second conductivity type) provided on the n™ buffer layer 56;
‘58°, a p base region (a first semiconductor region of the first
conductivity type) provided selectively 1n the top side of the
n~ layer 57; ‘59°, an n™ emitter region (a second semiconduc-
tor region of the second conductivity type) provided selec-
tively 1n the top side of the p base region 38; ‘60°, a gate
insulation film that 1s made of a dielectric material such as an
oxide film and 1s provided on the n™ layer 57, partially on the
n* emitter region 59 and on the p base region 58 therebe-
tween; ‘61°, a gate electrode that 1s provided on the gate
insulation film 60 and made of a conductive material such as
a polysilicon film; ‘62°, an interlayer insulation film that
covers the gate electrode 61, the gate insulation film 60 and a
portion of the n™ emitter region 59, and 1s made of a dielectric
material such as a silicate glass (hereinafter, referred as a
BPSG); 517, an emitter electrode, shown 1n FIG. 7, that 1s
made of a conductive material such as aluminum and 1s pro-
vided so as to cover on the interlayer msulation film 62, the p
base region 58 and a portion of the n* emitter region 59. A
numeral ‘63’ represents a collector electrode (a second main
electrode) that is provided on the bottom surface of the p™
collector layer 55 and 1s made of a conductive material such
as aluminum. In addition, the gate electrode 61 1s connected
to the gate wiring 53 at the electrode ends provided 1n its
extension orientation (in the front-back orientation with
respect to the document face in FIG. 8).

Moreover, FI1G. 9 15 a partially sectional view along Line
A-A of the one of IGBT cells 34 1n F1G. 7; the figure shows a
cellular structure of aplanar-gate-type IGBT that has a terrace
gate structure shown in Patent Document 2. A terrace gate
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portion 65 1s provided on the n™ layer 37 m FIG. 9, which
differs from FIG. 8; whose feature 1s that the IGBT has a
thicker gate msulation film 60 than that of the average planar-
gate-type IGBT. Herewith, the capacity of the gate insulation
f1lm becomes smaller, reducing 1ts feedback capacity. In addi-
tion, 1n FIG. 9, the portions that are 1dentical or equivalent to
those 1n FIG. 8 are represented by the same numerals as those
in FIG. 8 so as to omit their explanations.

FIG. 10A and FIG. 10B are a plane view and a partially
sectional view along Line A-A of one of the IGBT cells 54 1n
FIG. 7, respectively; the views illustrate a cellular structure of
a trench-gate-type IGBT including a trench that does not
work as gate (hereinafter, referred as a dummy trench); the
views 1llustrate, for example, the equivalent IGBT described
in Patent Document 2. FIG. 10A shows the IGBT structure, 1in
which the emitter electrode 51 1s removed for easy under-
standing. In FIG. 10, the p™ collector layer 55, the n™ bulfer
layer 56, the n~ layer 57, the emitter electrode 51 and the
collector electrode 63 are the portions that are 1dentical or
equivalent to those shown 1n FIG. 8, so that they will be
represented by the same numerals as those 1n FIG. 8 so as to
omit their explanations. A numeral ‘66’ represents a p base
layer (a fourth semiconductor layer of the first conductivity
type) provided on the n™ layer 57; a numeral ‘67’ represents a
trench gate that extends from the top of the p base layer 66 and
reaches the n™ layer 57, the trench gate 67 includes a trench
67a, a gate insulation film 675 that lines the trench 674 and 1s
made of a dielectric matenal such as an oxide film, and a gate
clectrode 67 ¢ that 1s provided to fill the trench 67a being lined
with the gate mnsulation film 675 and 1s made of a conductive
material such as polysilicon. A numeral ‘68’ represents a
dummy trench that extends from the top of the p base layer 66
and reaches the n™ layer 57; the dummy trench 68 includes a
trench 68a, a gate insulation film 685 that lines the trench 68a
and 1s made of a dielectric material such as an oxide film, and
a dummy electrode 68c¢ that 1s provided to fill the trench 68a
being lined with the gate insulation film 6856 and 1s made of a
conductive material such as polysilicon so as to be electrically
connected to the emitter electrode 51. A numeral ‘69’ repre-
sents an n~ emitter region provided 1n the top of the p base
layer 66, contiguously bordering on both sides of the trench
gate 67; a numeral ‘70°, an interlayer insulation film that
covers a portion of the n* emitter region 69 and the trench gate
67; the numeral ‘51°, the emitter electrode shown 1n FIG. 7
that covers uncovered portions of the interlayer insulation
film 70, the p base layer 66, the dummy trench 68 and the n™
emitter region 69. With the dummy trenches being provided,
current tlowing into the IGB'T chip 50 due to short circuits can
be curbed, which enables the device to secure a short circuit
sale operation area (hereinafter, referred as SCSOA) and 1s
elfective for increasing current capacity of the device. Here,
the end of the gate electrode 67¢ 1s connected to the gate
wiring 53.

Patent Documentation 1
Japanese Patent Laid-Open No. 1996-316479 (FIG. 1)

Patent Documentation 2
Japanese Patent Laid-Open No. 2002-353456 (FIG. 1)

Non-Patent Documentation 1

“Transistor Technology Special,” No. 85 Jan. 1, 2004, page
44 (FIG. 3 through FI1G. 10), CQ Publishing Co. Ltd., Tokyo,
Japan

Non-Patent Documentation 2

“Power Semiconductor Device and Power 1C Handbook.”
1996, page 151 (FIG. 6.28a), Corona Publishing Co., Ltd.
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An IGBT that 1s a conventional power semiconductor
device has been configured as described above; recently, 1t 1s
required that IGBTs obtain larger current capacity (higher
withstand voltage) and higher reliability; the following prob-
lems have now drawn attention in order to meet those require-
ments.

In the IGBT chip 50, 1n order to reduce each gate resistance
(represented as ‘R’ 1n FIG. 7) of the gate electrodes 61 and 67 ¢
tormed of a conductive material such as polysilicon, the gate
wiring 53 formed of a conductive material such as aluminum
1s provided as shown 1n FIG. 7, so as to divide the emitter
clectrode 51 1nto strips. In order to cope with larger current
capacity and higher reliability, the number of wires that are
made of a conductive material such as aluminum and bonded
to the emitter electrode 51 tends to increase 1n an IGBT
package where the IGBT chip 50 1s mounted. Therelore, in
order to enhance the reliability of the wire-bonding, it 1s
necessary to enlarge areas for each strip of the emitter elec-
trode 51 by glvmg more spaces between the gate wu‘mg 53;
however, enlarging the areas meanwhile causes big difference
between the gate resistances of the gate electrodes 61 and 67 ¢,
as have been described above. More specifically, in the IGBT
cells 54, when a cell 1s located near to the gate wiring 53, the
gate resistance thereof becomes small; when 1t 1s located apart
from the gate wiring 53 (for example, located at the interme-
diary point between the gate wiring), the gate resistance
thereot becomes large. Therefore, when the IGBT chip turns
olf, a current supplied to one of the IGBT cells 54 close to the
gate wiring 33 and a current supplied to another one of the
IGBT cells 54 apart from the gate wiring are not balanced
(heremaftter, referred as imbalance among current diver-
s1ons); then, currents are concentrated on such IGBT cells 54
that are located apart from the gate wiring 53 and whose
turning oil speed becomes slow, so that the IGBT cells gen-
crate heat; therefore, turn-off withstand ability, that 1s, a
reverse-biased safe operating area (hereinafter, referred as
RBSOA), becomes reduced.

As a means for reducing the gate resistance of the gate
clectrodes 61 and 67c, it 1s considered to use doped polysili-
con that 1s a polysilicon—the material of the gate electrodes
61 and 67c—doped with impurities 1n order to reduce their
resistance. However, when doped silicon 1s used for the gate
clectrode 61 of the planar-gate-type IGBT shown 1n FIG. 8
and FIG. 9, auto-doping of impurities, with which a polysili-
con has been doped, 1nto the gate insulation film 60 and the n™
layer 57 occurs, adversely affecting the gate-emitter leakage
current and the primary-voltage-to-leakage-current charac-
teristics. Also, when doped silicon 1s used for the gate elec-
trode 67¢ of the trench-gate-type IGBT shown 1n FIG. 10,
because the width of the trench gate 1s formed very narrow,
the cross-sectional area of the gate electrode 67¢ becomes
small. Therefore, 1n the above-described case where the
spaces between the gate wiring 53 become wider, the gate
resistances increase, causing the imbalance among current
diversions to occur, so that 1ts turn-oif withstand ability will
be reduced.

SUMMARY OF THE INVENTION

The present invention i1s aimed to solve the problems
above-described; an object thereot 1s, even when the spaces
between the gate wiring 53 become wide, to provide a power
semiconductor device that can meet requirements for larger
current capacity and higher rehability while improving
imbalance among current diversions.

A power semiconductor device according to the present
invention mcludes a second semiconductor layer of a second

10

15

20

25

30

35

40

45

50

55

60

65

4

conductive type, provided on a top side of a first semiconduc-
tor layer of a first conductivity type; a third semiconductor
layer of the second conductivity type, provided on the second
semiconductor layer; a first semiconductor region of the first
conductivity type, provided selectively 1n a top side of the
third semiconductor layer; a second semiconductor reglon of
the second conductivity type, provided selectively 1n a top
side of the first semiconductor region; a gate insulation {ilm
provided on the third semiconductor layer, on the first semi-
conductor region, and partially on the second semiconductor
region; a gate electrode provided on the gate isulation film;
a first main electrode that 1s provided on the first semicon-
ductor region and 1s electrically connected with the second
semiconductor region; and a second main electrode provided
on a bottom side of the first semiconductor layer. Also, the
gate electrode includes a polysilicon film provided on the gate
isulation film, and a doped polysilicon film doped with
impurities that 1s provided on the polysilicon film.
According to the present invention, because a power semi-
conductor device 1s configured so as to have a gate electrode
including a polysilicon film provided on a gate insulation
f1lm, and a doped polysilicon film—a polysilicon doped with
impurities to reduce its resistance—that 1s provided on the
polysilicon film; the gate resistance of the gate electrode can
be reduced 1n comparison to conventional ones. Therefore,
the imbalance among current diversions at turn-oil 1s
improved so as not to reduce turn-off withstand ability of the
device. In addition, because a polysilicon film not doped with
impurities 1s provided between a doped polysilicon film and a
gate msulation film, 1t 1s possible to preclude auto-doping of
impurities, which might be feared by providing with the
doped polysilicon film, 1nto the gate insulation film and ann™
layer from adversely affecting gate-emitter leakage current
and collector-emitter leakage current. Therelore, a power
semiconductor device that meets requirements for increased
current capacity and higher reliability can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a partial cross-sectional view illustrating a planar-
gate-type IGBT that 1s a power semiconductor device accord-
ing to Embodiment 1 of the present invention;

FIG. 2 1s a partially enlarged view illustrating a planar-
gate-type IGBT that 1s a power semiconductor device accord-
ing to Embodiment 2 of the present invention;

FIG. 3 1s a partial cross-sectional view 1llustrating a planar-
gate-type IGBT that 1s a power semiconductor device accord-
ing-to Embodiment 3 of the present invention;

FIG. 4A and FIG. 4B are a plane view and a partial cross-
sectional view 1illustrating a trench-gate-type IGBT that 1s a
power semiconductor device according to Embodiment 5 of
the present invention;

FIG. SA and FIG. 5B are a plane view and a partial cross-
sectional view 1illustrating a trench-gate-type IGBT that 1s a
power semiconductor device according to Embodiment 6 of
the present invention;

FIG. 6A, FIG. 6B and FIG. 6C are a plane view and partial
cross-sectional views illustrating a trench-gate-type IGBT
that 1s a power semiconductor device according to Embodi-
ment 7 of the present invention;

FIG. 7 1s a plane view illustrating an IGBT chip that 1s a
conventional power semiconductor device;

FIG. 8 1s a plane view illustrating a planar-gate-type IGBT
that 1s a conventional power semiconductor device;

FI1G. 9 1s a partial cross-sectional view illustrating a planar-
gate-type-1GBT, with a terrace gate structure, that 1s a con-
ventional power semiconductor device;
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FIG. 10 1s a partial cross-sectional view 1llustrating a
trench-gate-type IGBT with a dummy trench structure that 1s
a conventional power semiconductor device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Embodiment 1

Embodiment 1 according to the present invention will be
explained below. FIG. 1 1s a partial cross-sectional view 1llus-
trating a planar-gate-type IGB'T that 1s a power semiconduc-
tor device according to Embodiment 1 of the present inven-
tion; the figure illustrates, taking along the line A-A, a cross-
sectional cellar structure of the IGBT cells 54 shown 1n FIG.
7. FIG. 1 differs from FIG. 8 that represents prior art as
tollows; a gate electrode mcludes a polysilicon film 1a pro-
vided on the gate insulation film 60, and a doped polysilicon
film 15 that 1s doped with impurities and provided on the
polysilicon film 1a; the gate electrode 1 1s connected to the
gate wiring 53 at the electrode ends provided 1n 1ts extension
orientation (in the front-back orientation with respect to the
document face 1n FIG. 1). Because the other components are
identical or equivalent to those 1n FIG. 8, the same numerals
will be used so as to omit their explanations.

According to the structure shown in FIG. 1, because the
gate electrode mcludes the polysilicon film 1a provided on
the gate insulation film 60, and the doped polysilicon film 15
that 1s doped with impurities to reduce 1ts resistance and 1s
provided on the polysilicon film 1a, the gate resistance of the
gate electrode 1 can be reduced 1n comparison to conventional
ones. Therelore, the difference between the gate resistance of
a first one of the IGB'T cells 54 close to the gate wiring 53 and
that of a second one of the IGBT cells 54 apart from the gate
wiring (for example, being located at the intermediary point
between the gate wiring) becomes small. Therefore, when the
IGBT cells 54 turn off, the imbalance between a current
supplied to the first one of the IGBT cells 54 close to the gate
wiring 33 and a current supplied to the second one of the
IGBT cells 54 apart from the gate wiring 53 1s improved;
because currents are not concentrated at the second one of the
IGBT cells 54 apart from the gate wiring 53, the IGBT cell
does not generate heat, so as to prevent its turn-oif withstand
ability from reducing.

In addition, because the polysilicon film 1a not doped with
impurities 1s provided between the doped polysilicon film 156
and the gate insulation film 60, the impurities contained 1n the
doped polysilicon film 15 are prevented from naturally dif-
fusing, namely, auto-doping into the gate insulation film 60
and the n~ layer 57. Therefore, 1t 1s possible to preclude
expected influence of auto-doping on gate-emitter leakage
current and collector-emitter leakage current.

Even when the spaces between the gate wiring 53 become
wide, because improvement in imbalance among current
diversions prevents the turn-off withstand ability from reduc-
ing and, 1n addition, because 1t 1s possible to preclude, by
curbing auto-doping of the impurities, expected influence on
gate-emitter leakage current and collector-emitter leakage
current, a planar type IGBT that meets requirements for
increased current capacity (higher withstand voltage) and
higher reliability can be obtained.

Embodiment 2

In Embodiment 1, a gate electrode 1 has been explained, in
which the gate electrode 1 1s configured with the polysilicon
film 1a provided on the gate insulation film 60, and the doped
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polysilicon film 15 that 1s doped with impurities to reduce its
resistance and 1s provided on the polysilicon film 1a. One of
FIG. 2 1s a partially enlarged view for explaining Embodi-
ment 2; the figure corresponds to a view 1n which the gate
clectrode 1 1 FIG. 1 15 partially enlarged. Embodiment 2
differs from Embodiment 1 1n that gradient of concentration
with respect to impurities 1s provided 1n the doped polysilicon
film 15. More specifically, as distribution of its impurity
concentration shown in the middle view of FIG. 2, the impu-
rity concentration 1s made to vary in a thickness direction of
the doped polysilicon film 15; at the top portion of the doped
polysilicon 15, the value of impurity concentration takes its
maximum value; the value becomes smaller heading thick-
ness-wise toward the polysilicon film 1a; at the bottom por-
tion of the doped polysilicon film 15, which 1s contiguous
with the polysilicon, the value takes its lowest value or zero.
In addition, 1n the figure, the portions that are identical or
equivalent to those 1n FIG. 8 are represented by the same
numerals as those in FIG. 8 so as to omit their explanations.

Using the structure shown in FIG. 2, the resistance of the
gate electrode 1 becomes distributed as shown 1n the right
view of FI1G. 2; the doped silicon film 15 has at its top area a
portion 1n which 1ts resistance 1s reduced, which prevents the
turn-oif withstand ability from reducing as 1n the case of
Embodiment 1.

In addition, because at the bottom portion of the doped
polysilicon film 15, which 1s contiguous with the polysilicon
1a, the value takes 1ts lowest value or zero, the impurities
contained 1n the doped polysilicon film 15 are prevented
much more than Embodiment 1, from diffusing naturally,
namely, auto-doping into the gate insulation film 60 and the
n- layer 57. Therefore, 1t 1s possible to further preclude
expected 1nfluence of auto-doping on gate-emitter leakage
current and collector-emitter leakage current.

Therefore, even when the spaces between the gate wiring
53 become wide, because improvement 1n 1imbalance among
current diversions prevents the turn-oif withstand ability from
reducing and it 1s possible to preclude expected influence on
gate-emitter leakage current and collector-emitter leakage
current by curbing auto-doping of the impurities, a planar
type IGBT that meets requirements for increased current
capacity (higher withstand voltage) and higher reliability, can
be obtained.

Embodiment 3

The gate electrode 1 configured with a polysilicon film 1a
and a doped polysilicon 15 that have been explained 1n
Embodiment 1, 1s also applicable to a planar-gate-type IGBT
that has a terrace gate structure shown 1n FIG. 9. FIG. 3 1s a
partial cross-sectional view illustrating a planar-gate-type
IGBT that is apower semiconductor device having the terrace
gate structure, according to Embodiment 3 of the present
invention; the figure illustrates, taking along the line A-A, a
cellar structure of the IGBT cells 54 shown 1n FIG. 7. FIG. 3
differs from FIG. 9 explaining a conventional device, as fol-
lows; a terrace gate portion 63 of a gate electrode 2 1s config-
ured with a polysilicon film 2a provided on a gate mnsulation
film 60, and with the doped polysilicon film 254 that 1s pro-
vided on the polysilicon film 24 and 1s doped with impurities
to reduce 1ts resistance. In addition, the gate electrode 2 1s
connected to the gate wiring 33 at the electrode ends provided
in 1ts extension orientation (1n the front-back orientation with
respect to the document face 1n FIG. 3). Because the other
components are 1dentical or equivalent to those 1n FIG. 8 and
FI1G. 9, the same numerals will be used so as to omit their
explanations.
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According to the structure shown in FIG. 3, because the
terrace gate portion 65 of the gate electrode 2 1s configured
with the polysilicon film 2a provided on the gate insulation
film 60, and with the doped polysilicon film 254 that 1s pro-
vided on the polysilicon film 2a and 1s doped with impurities
to reduce 1ts resistance, the gate resistance of the gate elec-
trode 2 can be reduced in comparison to that of conventional
devices. Therefore, as 1s the case with Embodiment 1, the
turn-oil withstand ability of the device can be prevented from
reducing.

Also, as 1s the case with Embodiment 1, the impurities
contained 1n the doped polysilicon film 256 are prevented from
diffusing naturally, namely, auto-doping into the gate insula-
tion film 60 and the n~ layer 57. Therelore, 1t 1s possible to
preclude expected influence of auto-doping on gate-emitter
leakage current and collector-emitter leakage current.

Therefore, even when the spaces between the gate wiring
53 become wide, because improvement 1n imbalance among
current diversions prevents the turn-oif withstand ability from
reducing and, in addition, because 1t 1s possible to further
preclude expected influence on gate-emitter leakage current
and collector-emitter leakage current by curbing auto-doping
of the impurities, a planar type IGB'T that meets requirements
for increased current capacity (higher withstand voltage) and
higher reliability, can be obtained.

Embodiment 4

In Embodiment 3, a terrace gate has been explained, as
tollows; the terrace gate portion 65 of the gate electrode 2 1s
configured with the polysilicon film 2a provided on the gate
insulation film 60, and with the doped polysilicon film 25 that
1s provided on the polysilicon film 2a and i1s doped with
impurities to reduce its resistance. In the doped polysilicon
film 2b, the value of impurity concentration may vary in a
similar fashion to that of Embodiment 2. In this case, as 1s the
case with Embodiment 2, because the turn-ottf withstand abail-
ity 1s prevented from reducing and the impurities contained 1n
the doped polysilicon film 256 are prevented from diffusing
naturally, namely, auto-doping into the gate insulation film 60
and the n™ layer 57, 1t 1s possible to preclude expected influ-
ence of auto-doping on gate-emitter leakage current and col-
lector-emitter leakage current. Theretfore, a planar-gate-type
IGBT can be obtained that meets requirements for increased
current capacity and higher reliability.

Embodiment 5

Embodiment 5 according to the present invention will be
explained below. FIG. 4A and FIG. 4B are a plane view and a
partially sectional view along Line A-A of one of the IGBT
cells 54 1n FIG. 7, 1n which the figures 1llustrate a cellular
structure of a trench-gate-type IGB'T that 1s a power semicon-
ductor device including a dummy trench, according to
Embodiment S of the present invention. FIG. 4A shows the
trench-gate-type IGBT structure, 1n which the emaitter elec-
trode 51 1s removed for easy understanding. In FIG. 4, com-
ponents, such as the p™ collector layer 55 (a first semiconduc-
tor layer of a first conductivity type), the n™ butfer layer 56 (a
second semiconductor layer of a second conductivity type),
the n~ layer. 57 (a third semiconductor layer of the second
conductivity type), the emitter electrode 51 (a first main elec-
trode), the collector electrode 63 (a second main electrode),
the p base layer 66 (a fourth semiconductor layer of the first
conductivity type), and the dummy trench 68 (the trench 68a,
the 1nsulation film 685, and the dummy electrode 68c¢), are
identical or equivalent to those 1n FI1G. 10, the same numerals
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will be used for the components so as to omit their explana-
tion. Numerals ‘3" and ‘4’ represent two trench gates that are
provided in parallel and adjacent to each other and extend
from the top of the p base layer 66 with the trench bottom
portion reaching the n~ layer 57. The two trench gates 3 and 4
include trenches 3a and 4a; gate insulation films 35 and 45
that line the trenches 3a and 4a¢ and are made of a dielectric
material such as an oxide film; and gate electrodes 3¢ and 4c¢

that are provided to fill the trenches 3a and 4a being lined with
the gate insulation films 35 and 45 and are made of a conduc-
tive material such as polysilicon. A numeral ‘6’ represents n™
emitter regions (first semiconductor regions of the second
conductivity type) each of which 1s provided 1n the top of the
p base layer 66, contiguously bordering on only one side of
cach of the two trench gates 3 and 4. In FIG. 4, in order to
dispose the two trench gates 3 and 4 close to each other, the n™
emitter regions 6 are provided on both outer sides of the two
trench gates 3 and 4. A numeral *7’ represents an interlayer
insulation film that covers a portion of the n* emitter regions
6 and the two trench gates 3 and 4; the numeral ‘51°, the
emitter electrode shown in FIG. 7 that covers uncovered
portions of the interlayer insulation film 7, the p base layer 66,
the dummy trench 68 and the n* emitter regions 6. In addition,
the gate electrodes 3¢ and 4c¢ are connected to the gate wiring
53 at the electrode ends provided in their extension orienta-
tion (1n the top-bottom orientation of the document 1n FIG.
4 A, or 1n the front-back orientation with respect to the docu-

ment face in FIG. 4B).

According to the structure shown in FIG. 4, the n™ layer 6
1s provided, contiguously bordering on only one side of each
ol the two trench gates 3 and 4 that are provided in parallel and
adjacent to each other, and 1n the top of the p base layer 66; the
two trench gates 3 and 4 come 1nto operation as 1 they were
one trench gate so as to substantially increase the cross-
sectional area of the gate electrode; more specifically, the
cross-sectional area of the gate electrode 1s increased to be the
sum of the areas of the gate electrode 3¢ of the trench gate 3
and the gate electrode 4c¢ of the trench gate 4; the gate resis-
tance can be resultantly reduced in comparison to a conven-
tional one. Therefore, the difference between the gate resis-
tance of the first one of the IGBT cells 54 close to the gate
wiring 53 and that of the second one of the IGBT cells 54 apart
from the gate wiring 33 (for example, being located at the
intermediary point between the gate wiring) becomes small.
Therefore, when the IGBT cells turn off, the imbalance
between the first one of the IGBT cells 54 close to the gate
wiring 33 and the second one of the IGBT cells 34 apart from
the gate wiring 53 1s improved; because currents are not
concentrated at the second one of the IGBT cells 54 apart
from the gate wiring 33, the IGBT cell does not generate heat,
sO as to prevent 1ts turn-oif withstand ability from reducing.

In addition, because the n™ emitter regions 6 are provided
on one side of the two trench gates 3 and 4 each, n channel
regions emerge only on the one side of each of the gates at
turning-oif. Therefore, because current loss can be keptlow at
short circuit, the short circuit sale operation area can be
secured even 1n a case without the dummy trench 68. Further-
more, provision of the dummy trench 68 turther secures the
short circuit sate operation area.

Therefore, even when the spaces between the gate wiring
53 become wide, because improvement 1n imbalance among
current diversions prevents the turn-oif withstand ability from
reducing, a trench-gate-type IGBT to meet requirements for
increased current capacity and higher reliability can be
obtained. Furthermore, provision of the dummy trenches can
turther secure the short circuit sate operation area; a trench-
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gate-type IGBT that meets requirements for more increased
current capacity and higher reliability can be obtained.

Embodiment 6

Embodiment 6 according to the present invention will be
explained below. FIG. 5A and FIG. 5B are a plane view and a
partially sectional view along Line A-A of one of the IGBT
cells 54 shown 1n FIG. 7, in which the figures illustrate a
cellular structure of a trench-gate-type IGBT that 1s a power
semiconductor device according to Embodiment 6 of the
present invention. FIG. 5A shows the trench-gate-type IGBT
structure, in which the emitter electrode 51 i1s removed for
casy understanding. In FIG. 5, components such as the p™
collector layer 55 (the first semiconductor layer of the first
conductivity type), the n™ buflfer layer 56 (the second semi-
conductor layer of the second conductivity type), the n™ layer
57 (the third semiconductor layer of the second conductivity
type), the emitter electrode 51 (the first main electrode), the
collector electrode 63 (the second main electrode), and the p
base layer 66 (the fourth semiconductor layer of the first
conductivity type) are 1dentical or equivalent to those 1n FIG.
10, the same numerals will be used for the components so as
to omuit their explanation. A numeral ‘8’ represents a trench
gate that extends from the top of the p base layer 66 and
reaches the n™ layer 57; the trench gate 8 includes a trench 8a,
a gate 1nsulation film 85 that lines the trench 8a and i1s made
of a dielectric material such as an oxide film, and a gate
clectrode 8c¢ that 1s provided to fill the trench 8a being lined
with the gate insulation film 85 and made of a conductive
material such as polysilicon. A numeral ‘9’ represents an n*
emitter region (the first semiconductor region of the second
conductivity type) which 1s provided in the top of the p base
layer 66, contiguously bordering on only one side of the
trench gate 8; anumeral ‘10°, an interlayer insulation film that
covers a portion of the n™ emitter region 9 and the trench gate
8: a numeral ‘51°, the emitter electrode shown 1n FIG. 7 that
covers uncovered portions of the interlayer insulation films
10, the p base layer 66, and the n™ emitter regions 9. In
addition, the gate electrodes 8¢ 1s connected to the gate wiring
53 at the electrode ends provided 1n its extension orientation
(in the top-bottom orientation of the document in FIG. 5A, or
in the front-back orientation with respect to the document
face in FIG. SB).

According to the structure shown in FIG. 5, the n™ emitter
region 9 1s provided in the top of the p base layer 66, contigu-
ously bordering on only one side of the trench gate 8; there-
fore, a current supplied to the gate electrode 8 can be reduced
in comparison to that of conventional devices, the cross-
sectional area of the gate electrode 8¢ of the trench gate 8
becomes substantially increased, so that the gate resistance of
the trench gate 8 can be reduced 1n comparison to conven-
tional ones. Therefore, the difference between the gate resis-
tance of the first one of the IGBT cells 54 close to the gate
wiring 53 and that of the second one of the IGBT cells 534 apart
from the gate wiring 53 (for example, being located at the
intermediary point between the gate wiring) becomes small.
Theretore, when the IGBT cells turn off, imbalance between
the first one of the IGBT cells 54 close to the gate wiring 353
and the second one of the IGBT cells 54 apart from the gate
wiring 53 1s improved; because currents are not concentrated
at the second one of the IGBT cells 54 apart from the gate
wiring 53, the IGBT cell does not generate heat, so as to
prevent 1ts turn-off withstand ability from reducing.

In addition, because the n™ emitter region 9 1s provided on
one side of the trench gate 8, an n channel region emerges only
on the one side of the trench at turning-oif. Therefore,
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because current loss to short circuit can be curbed to be low,
the short circuit safe operation area can be secured. Provision
of the dummy trench 68 described in Embodiment 5 can
further secure the short circuit safe operation area.

Therefore, even when the spaces between the gate wiring
53 become wide, because improvement 1n 1imbalance among
current diversions prevents the turn-oif withstand ability from
reducing, a trench-gate-type IGBT to meet requirements for
increased current capacity and higher reliability can be
obtained. Provision of the dummy trenches can secure the
short circuit safe operation area, so that a trench-gate-type
IGBT that meets requirements for more increased current
capacity and higher reliability can be obtained.

Embodiment 7

In Embodiment 6, the n™ emitter region 9 1s provided in the
top of the p base layer 66, contiguously bordering on only one
side of the trench gate 8; the same effects as those in Embodi-
ment 6 can be obtained as long as the n™ emitter region 9 is
provided contiguously bordering on only one side of the
trench gate 8. As 1s shown in FIG. 6, for example, the n™
emitter region 9 may be provided such that a first n* emaitter
region 9a and a second n™ emitter region 95, each having a
predetermined length, are provided in the top of the p base
layer 66, contiguously bordering on the trench gate 8, paral-
leling the trench gate extension orientation, and being stag-
gered on eirther side of the trench gate(in FIG. 6A, 1n the
top-bottom orientation of the document, or mn FIG. 6B and
6C, 1n the front-back orientation with respect to the document
face). FIG. 6A 1s a plane view of one of the IGBT cells 54
shown 1n FIG. 7, and FIG. 6B and FIG. 6c are partially
sectional views along Line B-B and Line C-C in FIG. 6A,
respectively. In addition, in FIG. 6, the portions that are 1den-
tical or equivalent to those 1n FIG. 5 explained 1n Embodi-
ment 6 are represented by the same numerals so as to omit
their explanations.

What 1s claimed 1s:

1. A power semiconductor device, comprising:

a first semiconductor layer of a first conductivity type;

a second semiconductor layer of a second conductivity
type, provided on a top side of the first semiconductor
layer;

a third semiconductor layer of the second conductivity
type, provided on the second semiconductor layer;

a Tourth semiconductor layer of the first conductivity type,
provided on the third semiconductor layer;

two trench gates provided parallel and adjacent to each
other, and each composed of a trench that extends from
a top side of the fourth semiconductor layer, with a
trench bottom portion reaching into the third semicon-
ductor layer, a gate insulation film lining the trench, and
a gate electrode filling the trench being lined with the
gate insulation film, the two trench gates are arranged 1n
close proximity to each other so as to operate as a single
gate electrode having a reduced gate resistance;

two first sesmiconductor regions of the second conductivity
type, provided contiguously bordering on only one side
of each of the two trench gates that operate as the single
gate electrode, located at the outer sides not facing each
other of each of the two adjacent trench gates, and
located 1n the top side of the fourth semiconductor layer;

a {irst main electrode that 1s provided on the fourth semi-
conductor layer and 1s electrically connected with the
first semiconductor region; and

a second main electrode provided on a bottom side of the
first semiconductor layer; and
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two dummy trenches, each dummy trench including

a trench that extends from the top side of the fourth
semiconductor layer with the trench bottom portion
reaching into the third semiconductor laver;

an sulation film lining the trench; and

a dummy electrode that fills the trench being lined with
the insulation film and 1s connected with the first main
electrode,

wherein a distance between the two dummy trenches
that are arranged adjacent to each other 1s wider than
a distance between the two trench gates that are
arranged adjacent to each other.

2. A power semiconductor device, comprising:

a first semiconductor layer of a first conductivity type;

a second semiconductor layer of a second conductivity
type, provided on a top side of the first semiconductor
layer;

a third semiconductor layer of the second conductivity
type, provided on the second semiconductor layer;

a fourth semiconductor layer of the first conductivity type,
provided on the third semiconductor layer;

a trench gate having a trench that extends from a top side of
the fourth semiconductor layer with the trench bottom
portion reaching into the third semiconductor layer, a
gate msulation film lining the trench, and a gate elec-
trode filling the trench being lined with the gate insula-
tion film:

a first semiconductor region of the second conductivity
type, provided contiguously bordering on only one side
of the trench gate, and 1n the top side of the fourth
semiconductor layer;

a first main electrode that 1s provided on the fourth semi-
conductor layer and 1s electrically connected with the
first semiconductor region;

a second main electrode provided on a bottom side of the
first semiconductor layer; and

an 1nterlayer msulating film located on top of the fourth
semiconductor layer and extending into the first main
clectrode, the interlayer insulating film covering a por-
tion of an upper surface of the first semiconductor
region, and entirely covering an upper surface of the
trench gate,

wherein the first semiconductor region includes a plurality
of sections that have a predetermined length in the or1-
entation 1n which the trench gate extends along the top
side of the fourth semiconductor layer, and the plurality
of sections are provided paralleling said trench gate
extension orientation and are staggered on either side of
the trench gate.

3. A power semiconductor device according to claim 2,
wherein the power semiconductor device further comprises a
dummy trench including;

a trench that extends from the top side of the fourth semi-
conductor layer with the trench bottom portion reaching
into the third semiconductor layer,

an 1sulation film lining the trench, and

a dummy electrode that fills the trench being lined with the
insulation film and 1s connected with the first main elec-
trode.

4. The power semiconductor device according to claim 1,

turther comprising:
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two imterlayer msulating films located on top of the fourth
semiconductor layer and extending into the first main
clectrode, each of the two interlayer insulating films
covering a portion ol an upper surface of a first semi-
conductor region adjacent to a trench gate, and entirely
covering an upper surface of the same trench gate.

5. The power semiconductor device according to claim 1,
wherein the dummy electrode that fills the trench 1s 1n direct
contact with the first main electrode.

6. The power semiconductor device according to claim 2,
wherein the gate electrode that fills the trench 1s in direct
contact with the interlayer insulating film.

7. A power semiconductor device comprising:

a first semiconductor layer of a first conductivity type;

a second semiconductor layer of a second conductivity
type, provided on a top side of the first semiconductor
layer;

a third semiconductor layer of the second conductivity
type, provided on the second semiconductor layer;

a Tourth semiconductor layer of the first conductivity type,
provided on the third semiconductor layer;

two trench gates provided parallel and adjacent to each
other, and each composed of a trench that extends from
a top side of the fourth semiconductor layer, with a
trench bottom portion reaching into the third semicon-
ductor layer, a gate insulation film lining the trench, and
a gate electrode filling the trench being lined with the
gate insulation film, the two trench gates are arranged 1n
close proximity to each other so as to operate as a single
gate electrode having a reduced gate resistance;

two first sesmiconductor regions of the second conductivity
type, provided contiguously bordering on only one side
of each of the two trench gates that operate as the single
gate electrode, located at the outer sides not facing each
other of each of the two adjacent trench gates, and
located 1n the top side of the fourth semiconductor layer;

a {irst main electrode that 1s provided on the fourth semi-
conductor layer and 1s electrically connected with the
first semiconductor region;

a second main electrode provided on a bottom side of the
first semiconductor layer; and

two mterlayer imsulating films located on top of the fourth
semiconductor layer and extending into the first main
clectrode, each interlayer insulating film covering a por-
tion of an upper surface of a first semiconductor region
adjacent to a trench gate and covering an entire upper
surface of the same trench gate.

8. The power semiconductor device according to claim 7,

turther comprising a dummy trench having

a trench that extends from the top side of the fourth semi-
conductor layer with the trench bottom portion reaching
into the third semiconductor layer;

an isulation film lining the trench; and

a dummy electrode that fills the trench being lined with the
insulation film and 1s connected with the first main elec-
trode.

9. The power semiconductor device according to claim 8,

wherein the dummy electrode that fills the trench 1s 1n direct
contact with the first main electrode.
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